Abstract: DFT implemented in ADF.2012.01 was applied to study the structures
I. Introduction
Density Functional Theory (DFT) had been extensively applied to study the 2, 2-bipyridine (Bipy) complexes of 1 st transition series metal ions with the general formula [Bipy 3 M] n+ of the 1 st transition metal ions such as Ti(III,IV) (1, 2) , V(III,IV)(1, 2), Cr(III) (1, 3, 4) , Mn(II) (1, 5) , Fe(II) (1, (6) (7) (8) , Co(II) (1, 9, 10) , Ni(II) (1) , and Cu(II)(1) where different researchers had studied their structures, electromagnetic properties, vibrational and optical properties along with Spin-State Cross-Over phenomenon and Jahn-Teller effect using different set of commands. The perusal of the reported work led us to conclude that DFT had hardly been used in the calculation of NMR, ESR and NQR parameters in tris complexes of 1 st transition series metal ions. The NMR technique was never used to ascertain the presence of Metal to Ligand Charge Transfer (MLCT) phenomenon in such complexes.
This tempted us to take up a few biologically important, analytically suitable and optically active macrocyclic paramagnetic complexes: [L 3 M] 2+ {M=V(II), Ni(II)}, and [L 3 Cr] 3+ where L=2,2  -bipyridine, which were known to exhibit MLCT phenomenon (11) (12) (13) . Accurate computations of their NMR, ESR and NQR (14) (15) (16) (17) parameters had become possible by DFT only recently (18) (19) (20) .
II. Need For The Study
These complexes showed a peculiar nature where two opposing factors would operate. The coordination of N to a transition metal ion would cause lowering of  CN and the transfer of electronic charge from MOs having predominantly metal character to those having the ligand character should increase  CN. Moreover,  CN was not much metal sensitive. So It was difficult to assign exact value to  CN because several free 2, 2  -bipyridine vibrations would also fall in the  CN region {Hutchinson et al. tried metal isotope technique in Table: 1 showed the thermal parameters of the studied complexes. 14 N, 13 C, and 1 H of the three complexes. Table: 4 showed 10 Diamagnetic, Paramagnetic and Spin orbit contributing terms in σ values of constituents. Table: 5 showed ESR and NQR parameters of complexes. Table: 6 showed calculation of H^, E hf of the three complexes Table: 7 showed more ESR and NQR parameters for complexes. Table: 8 showed the IR Active bands in complexes. Table: 9 showed the σ 14 N values of the uncoordinated 2, 2  -bipyridine ligand and the complexes. Figure: 1 would represent ADF numbers of three tris (2,2  -bipyridine) complexes.
IV. Results

V. Discussion
Each tris(2,2  -bipyridine) complex contained a total of 61atoms which differed only in metal ion. The remaining 60 atoms consisted of 6 N's, 24 H's and 30 C's. (20) (25) (26) (27) No doubt, three relations (25) (26) (27) were needed to calculate H^ but all the three complexes included in the present study were axially asymmetric having the same two g values represented as g  , while the third different g value was represented as g ‫.װ‬ Correspondingly, two same a values (a  ) while a different third a value was named as a ‫װ‬ , only the following relation would suffice:
Relations used to calculate NMR parameters
δ 1 H= 31.7 -σ 1 H ----------------------(1) δ 13 C=181.1 -σ 13 C ---------------------------(2) ----------------------------(3)
Relations used to calculate ESR parameters (a) Effective Spin Hamiltonian (H^)
Five factors such as g factor, a factor, Q factor, Zero Field Splitting (ZFS) factor (28, 29) and interaction of nuclear magnetic moment with external magnetic field, i.e. I factor would contribute in the total value of Spin Hamiltonian (H^). S z representing spin angular momentum was calculated as: (ii) 1cm -1 = 0.0119626 kJ mol -1 = 29979.2458 MHz (iii) For 8388.255 MHz in a 0.30T, the g value of the standard substance: 2, 2-diphenyl-1-picrylhydrazyl (DPPH) was: g DPPH = 2.00232 (30) (31) (32) . So g value of the complex (g M n+ ) and its frequency ( M n+ ) were related as follows:
5.3. Relations used to Calculate NQR Parameters(33, 34)
The value of  lies in between 0-1 for all types of symmetries. For axial symmetry of the complexes, =0. It was possible only when:
Calculation of four ESR and NQR parameters:
Four more ESR and NQR parameters such as H^, E hf , , and Laplace equation were calculated from five ESR (g 11 , g 22 , g 33 , g iso ; a 11 , a 22 , a 33 , A ten ) and NQR parameters (; q 11 , q 22 , q 33 ; NQCC) which were given by the software. All these complexes possessed axial symmetry with (a) Two of three g parameters called g  were of the same value and third of higher g value was called g ‫װ‬ (b) Two of the three a parameters called a  were of same value and the third of higher a value was called a ‫װ‬ . (c) Two of the three q parameters were of the same value. (d) =0, equation 4, was applicable to all to calculate H^. Individual values of these four factors in the total value of H^ were given at bottom and were represented as (). E hf , , Laplace Equation were calculated by relations (7, 8 , and 10) respectively in Tables: 5-7 . Parameters NQCC, a, q were expressed in MHz while g was unit less.
Confirmation of Spatial Equivalence from NMR parameters of N, C, H
As many as 13 parameters of three techniques: ESR (g n , A ten ), NQR (NQCC, ) and NMR {σ 13 1 H} given by the software were used to ascertain the stereochemistry of the three paramagnetic complexes by the following two ways:
From Equivalence of NMR parameters of complexes
As already stated, the spatially equivalent species would possess the same values of δ, σ and each one of the ten contributing terms towards the total value of σ of constituents respectively. Following these arguments, the three tris 
From Equivalence among five NMR, ESR and NQR parameters
A total of 5 parameters of three spectral techniques [ESR (A ten ), NQR (NQCC, ) {Table: 5} and NMR (σ, δ) {Table: 3}] were used to ascertain the similar stereochemistry of the three paramagnetic complexes following the rule that stereo chemically equivalent species would possess the same values of these parameters. The 5 parameters: σ, δ, g. A ten, , and NQCC of 14 N; 4 parameters: σ, δ, g. A ten , and  of 13 C and 3 parameters: σ, δ, and g. A ten, of 1 H corroborated to infer that in these 2, 2  -bipyridine complexes, the 30 C atoms were of 5 types while the 24 H atoms of 4 types and all the 6 N atoms were spatially of the same type in all the three complexes.
Evidence of MLCT Phenomenon from NMR parameters of complexes
As already explained (24) , σ value of any nucleus was directly related to its electron density, so any change in the σ value should serve as an indicator to the change in electron density on it. The σ 14 N (Table: 9), and σ 13 C, σ 1 H (Table: 3) values in these complexes were higher but δ 14 N, δ 13 C, and δ 1 H values were found to be lower than their corresponding values of uncoordinated ligand (24) to confirm the transfer of electronic charge from the metal atom to the ligand and, thus, would support the presence of MLCT phenomenon in these complexes.
IR Studies of the Complexes (35)
(1) ADF software gave values of frequencies, dipole strengths and intensities of IR normal modes of all the (3n-6) fundamental vibration bands of the complexes. Each one of the177 fundamental bands was given a vibration symmetry symbol. Further, each complex was given a Vibration Symmetry Class where the bands were classified according to their IR activities (Table: 8 6 C 3,13,23, 33,43,  53(4,14,24,34,44,54)  [5,15,25,35,45,55]{6,16,2  6,36,46,56}{{2,12, NQCC a, q, are expressed in MHz and g is unit less.
VI. Conclusions
